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FRQILJXUDWLRQFRPELQLQJDPHFKDQLFDOYROXPHWULFFKDUJHUVHWGRZQVWUHDPWRDWXUERFKDUJHUZLWKDZDVWH
JDWH7KH FKDUJHU LV GULYHQE\ DPHFKDQLFDO GXDO VSHHG V\VWHP HTXLYDOHQW WR D JHDUER[ZLWK WZRJHDU
UDWLRV(YHQLI WKHGXDOVSHHGV\VWHPSURYLGHVPRUHIOH[LELOLW\WKDQDVLQJOHJHDUUDWLRWUDQVPLVVLRQ WKH
HQJLQHDLUIORZQHHGVWREHFRQWUROOHGZLWKDE\SDVVRIWKHFKDUJHU
7KH PDLQ GUDZEDFN RI WKLV VROXWLRQ LV WKH KLJK DQG HIILFLHQW DLU FRROLQJ QHFHVVLW\ EHWZHHQ ERWK
ERRVWLQJVWDJHVWRORZGRZQWKHYROXPHWULFFKDUJHURXWOHWWHPSHUDWXUH&OLPLWDWLRQ0RUHRYHUWKH
SURFXUDEOHFKDUJHUVDUHODUJHUWKDQUHTXLUHGFPLQVWHDGRILGHDOLVWLFFPZKLFKZRXOGOHDGWR
RSHUDWHLQQRQRSWLPDOHIILFLHQF\DUHDV
)RU DOO DUFKLWHFWXUHV WKH UHTXLUHPHQWV FRQFHUQLQJ WKH WXUELQH ZLWK D ZDVWHJDWH DUH VLPLODU 7KH
VLWXDWLRQ LV LGHQWLFDO ZLWK YDULDEOH JHRPHWU\ WXUELQH EXW QR GHYLFH FRYHULQJ WKH IXOO PDVV IORZ UDQJH
VHHPV SURFXUDEOH &RPSDUHG WR D WXUELQH ZLWK D ZDVWHJDWH D 9*7 ZRXOG URXJKO\ DIIRUG  IXHO
EHQHILWV6WLOOIRUIXOOORDGVD9*7ZRXOGEULQJPRUHHQJLQHFRQWUROIDFLOLWLHVWRVDWLVI\VLPXOWDQHRXVO\
VFDYHQJLQJDQGERRVWUHTXLUHPHQWV
&RQFHUQLQJ FRQILJXUDWLRQV ZLWK D YROXPHWULF FKDUJHU D YDULDEOH GULYH V\VWHP VKRZV QR EHQHILW
FRPSDUHG WR D GXDO GULYH V\VWHP HVVHQWLDOO\ GXH WR KLJKHU PHFKDQLFDO IULFWLRQ ORVVHV ,Q FDVH RI
FRQILJXUDWLRQVZLWKDFHQWULIXJDOFKDUJHUDPHFKDQLFDOVLQJOHGULYHWUDQVPLVVLRQLVFOHDUO\LQVXIILFLHQWWR
HQVXUHWKHIXOOORDGWDUJHWWRUTXH
$FFRUGLQJ WR VLPXODWLRQV IRU ILQDO VHOHFWHG VROXWLRQ DPLG SUHVVXUH (*5 ORRS OHDGV WR ORZHU IXHO
FRQVXPSWLRQILJ>@












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VXSHUFKDUJHU
E\SDVV YDOYH
(*5YDOYH
VXSHUFKDUJHU GXDO
GULYHWUDQVPLVVLRQ
.7WXUERFKDUJHU
:&$&ZDWHUFKDUJH
DLUFRROHU
(*5&(*5FRROHU
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)LJ)LQDODLUPDQDJHPHQWDUFKLWHFWXUH
6FDYHQJLQJ
7ZRPDLQDUFKLWHFWXUHVDUHHQFRXQWHUHGLQWZRVWURNHHQJLQHV
x 7KH³9DOYH/RRSV\VWHP´LVDIRXUVWURNHOLNHYDOYHHQJLQHZKHUHLQWDNHDQGH[KDXVWDUHSHUIRUPHG
WKURXJK SRSSHW YDOYHV 7KHUHIRUH JDVHV HQWHU DQG H[KDXVW WKH F\OLQGHU WKURXJKRXW WKH KHDG RI
F\OLQGHU 2EYLRXVO\ WKH VFDYHQJLQJ LV QRW QDWXUDOO\ HIILFLHQW 7KLV VROXWLRQ LV DGYDQWDJHRXV RQ D
PHFKDQLFDOSRLQWRIYLHZ0RUHRYHUWKLVV\VWHPOHDGVWRWKHVDPHSRVVLELOLWLHVRIFRQWUROOLQJWKHYDOYH
OLIWVWKDQRQDIRXUVWURNHHQJLQH
x ,Q WKH 8QLIORZ V\VWHP LQWDNH LV GRQH WKURXJK SRUW LQ WKH F\OLQGHU DQG H[KDXVW LV GRQH WURXJK
SRUWYDOYHVLQWKHKHDGRIF\OLQGHU7KLVV\VWHPLVPRUHHIILFLHQWIRUVFDYHQJLQJDQGORDGFLUFXODWLRQ
EXWLQFRPSDWLEOHZLWKWKHH[LVWLQJSURGXFWLRQOLQHV

&RQVLGHULQJ D GRZQVL]HG 'LHVHO HQJLQH KHDYLO\ ORDGHG HQJLQH WKH SURMHFW 32:(5)8/ >@ ZDV
GLUHFWHGWRZDUGVDUHOLDEOHDQGFKHDSWRLQGXVWULDOL]HVROXWLRQ&RQVLGHULQJDFWXDOGLUHFWLQMHFWLRQXSWR
GDWHLQQRYDWLYHVXSHUFKDUJLQJV\VWHPDQGYDULDEOHYDOYHWLPLQJSRVVLELOLWLHVLWZDVVXSSRVHGHDVLHUWR
FRSZLWKWKHVFDYHQJLQJDQGWUDSSLQJGLIILFXOWLHVQDWLYHWRSRSSHWYDOYHV\VWHPV

,QWKLVVHFWLRQVFDYHQJLQJZLOOEHH[SORUHG+RZHYHUWKLVLQIRUPDWLRQLVQRWDYDLODEOHE\H[SHULPHQW
2QO\ LQWHJUDWHG UHVXOWV RI VFDYHQJLQJ HIILFLHQF\ RU WUDSSLQJ UDWLR PD\ EH H[SORLWHG EDVHG RQ WKH
H[SHULPHQWV7KHUHIRUH ' VLPXODWLRQV DUH VHWXS WR HYDOXDWH DQG ORRN DW WKHZD\ JDVHV DUH VFDYHQJHG
WKURXJK WKH V\VWHP GXULQJ WKH F\FOH 7KHVH ' VLPXODWLRQV XVH WKH&)' FRGH 6WDU&' ILQLWH YROXPH
PHWKRG ,Q WKHVH VLPXODWLRQV FRPEXVWLRQ LVPLPLFNHG LQ RUGHU WR VDYH FRPSXWDWLRQ WLPH 7KHUHIRUH
GXULQJWKHFRPEXVWLRQSKDVHVRXUFHWHUPVDUHXVHGLQRUGHUWRSURGXFHWKHULJKWDPRXQWRIHQHUJ\DQGWR
WUDQVIRUPDOO IUHVKDLUDQGIXHOLQWREXUQHGJDVHV>@2QO\ WKUHHVFDODUVDUHWKHUHIRUHWUDQVSRUWHGIUHVK
DLU IXHO DQG EXUQW JDVHV$ XVXDOPRGHOLQJ SDFNDJH IRU FRPSUHVVLEOH DHURG\QDPLF SLVR DOJRULWKP LV
XVHGZLWKDVWDQGDUGNHSVLORQWXUEXOHQWPRGHO>@
'HILQLWLRQV
,QWKLVVHFWLRQZHUHFDOOVRPHXVXDOGHILQLWLRQVXVHIXOLQDWZRVWURNHHQJLQHFRQWH[WFIWDEOH
7DEOH8VXDOGHILQLWLRQVGHGLFDWHGWRWZRVWURNHHQJLQHV
1DPH 'HILQLWLRQ )RUPXOD
&KDUJLQJHIILFLHQF\ HQFORVHGPDVVRIIUHVKJDVLQWKHF\OLQGHUGLYLGHG
E\PDVVRIDLUDWDPELHQWFRQGLWLRQVWKDWLV
SRVVLEOHWRHQFORVHLQWKHF\OLQGHUYROXPHDW%'&
P)*F\OP)*UHI
'HOLYHU\UDWLRRU
YROXPHWULFHIILFLHQF\
PDVVRIIUHVKJDVFRPLQJIURPLQWDNHGXFWGLYLGHG
E\PDVVRIDLUDWDPELHQWFRQGLWLRQVWKDWLV
SRVVLEOHWRHQFORVHLQWKHF\OLQGHUYROXPHDW%'&
P)*LQWP)*UHI
7UDSSLQJHIILFLHQF\RU
WUDSSLQJUDWLR
FKDUJLQJHIILFLHQF\GLYLGHGE\GHOLYHU\UDWLR P)*F\OP)*LQW P)*H[KP)*LQW
6FDYHQJLQJHIILFLHQF\ PDVVRIIUHVKJDVHQFORVHGLQWKHF\OLQGHUGLYLGHG
E\WKHWRWDOPDVVHQFORVHGLQWKHF\OLQGHUIUHVK
JDVUHVLGXDOEXUQWJDV
P)*F\OPF\O

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,QRUGHUWRHYDOXDWHWKHZD\WKHVFDYHQJLQJRSHUDWHVGXULQJWKHF\FOHZHZLOOXVXDOO\SUHVHQWLWJLYLQJWKH
PDVVIUDFWLRQRIEXUQHGJDVHVH[KDXVWHGDVDIXQFWLRQRIWKHPDVVIUDFWLRQRIEXUQHGJDVHVLQWKHF\OLQGHU
FIILJ
x 2QWKHSHUIHFWVFDYHQJLQJOLQHLQWDNHIUHVKJDVSXVKHVSHUIHFWO\H[KDXVWJDVHVRXWVLGHWKHF\OLQGHU
x 2QWKHSHUIHFWPL[LQJOLQHDWHDFKWLPHLQWDNHIUHVKJDVDQGLQF\OLQGHUJDVHVDUHSHUIHFWO\PL[HGDQG
WKLVPL[LQJLVH[KDXVWHG
x 2QWKHH[FOXVLYHE\SDVVOLQHLQWDNHIUHVKJDVLVV\VWHPDWLFDOO\H[KDXVWHG
x %HWZHHQWKHVHOLQHVDIDYRUDEOH]RQHDQGDQXQIDYRUDEOH]RQHWDNHSODFH

)LJ6FDYHQJLQJHIILFLHQF\GLDJUDP
&\OLQGHUKHDGGHILQLWLRQV
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$ UHIHUHQFH ZDV GRQH H[SHULPHQWDOO\ EDVHG RQ D / GFL VWURNHV F\OLQGUHV 5HQDXOW HQJLQH
RSHUDWLQJ LQ VWURNHV PRGH ZLWK IHZ PRGLILFDWLRQV  YDOYHVF\OLQGHU %XW WKH PHDVXUHPHQWV
KLJKOLJKWHGWKDWRQWKHRQHKDQGWKHSHUPHDELOLW\ZDVWRRZHDNDQGRQWKHRWKHUKDQGWKHVFDYHQJLQJZDV
UHDOO\XQIDYRUDEOH'6LPXODWLRQVHYDOXDWHWKHHYROXWLRQRIWKHVFDYHQJLQJHIILFLHQF\GXULQJDF\FOHDQG
VKRZWKHVDPHFRQFOXVLRQFIILJ

)LJ6FDYHQJLQJHIILFLHQF\RQIRXUVWURNHOLNHEDVLFKHDGRIF\OLQGHU

7KUHHGLIIHUHQWNLQGVRIHYROXWLRQZKHUHWHVWHGEDVHGRQWKLVUHIHUHQFH
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x 'XFWHYROXWLRQ
x 0DVNDWWKHLQWDNH
x 6WDJHGURRI


D E F

)LJ+HDGRIF\OLQGHUSRVVLEOHHYROXWLRQVLQWDNHRQOHIWH[KDXVWRQULJKWDGXFWEPDVNFURRIVWDJHGKHDGRIF\OLQGHU

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D E F

)LJ6FDYHQJLQJHIILFLHQF\DORQJWKHF\FOHDGXFWEPDVNFURRIVWDJHGKHDGRIF\OLQGHU

$WILUVWWKHGXFWZDVPRGLILHGWREHPRUHIDYRUDEOHWRVFDYHQJLQJFIILJD7KLVFKDQJHGLGQRW
PRGLI\WKHVFDYHQJLQJFIILJD$VDUHVXOWLWZDVGHFLGHGWRLQYHVWLJDWHPDVNLQJFIILJDQG
$OPRVW WKH VDPH NLQG RI FRQFOXVLRQ LV DFKLHYHG ERWK IRU WKH LQWUXVLYH PDVN DQG IRU WKH VWDJHG URRI
0DVNLQJ WKH LQWDNH FRQVLGHUDEO\ LPSURYH VFDYHQJLQJ $W ORZ OLIW FRQGLWLRQ WKH GLVWDQFH EHWZHHQ WKH
PDVNDQG WKHYDOYH LVRI ILUVWRUGHU WR LPSURYHVFDYHQJLQJ:KHQYDOYHPDVNGLVWDQFH LVVPDOOHQRXJK
EODQNLQJRIILQWDNHLQWKHGLUHFWLRQRIWKHH[KDXVWLWLVQRWQHFHVVDU\WRKDYHDPDVNPRUHLQWUXVLYHWKDQ
WKHPD[LPXPOLIW+RZHYHULIWKLVGLVWDQFHLVOHVVLPSRUWDQWWKHPDVNLVEDIIOLQJWKHLQWDNHIOX[RQO\LQ
WKHGLUHFWLRQRI WKHH[KDXVW$VD UHVXOW LWPD\EHQHFHVVDU\ WRKDYHDGHHSHUPDVN%HWZHHQ WKH URRI
VROXWLRQ WKH VWDJHGKHDGRIF\OLQGHUDQG WKHPDVN WKH IROORZLQJSURSRVLWLRQZDVGHVLJQHG FI ILJ
7KLVVROXWLRQLVDFRPSURPLVHPRVWO\LPSURYLQJVFDYHQJLQJEXWDOVRWU\LQJQRWWROLPLWWRRPXFKDLUIOX[
WKURXJKLQWDNHIHDVLEOHDQGQRWWRRGLVWRUWHGWRSUHVHUYHWKHFRPEXVWLRQFKDPEHU

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
)LJ6KDSHRIWKHILQDOKHDGRIF\OLQGHU>@

7KHILQDOF\OLQGHUKHDGFRQFHSWLVILQDOO\ WHVWHGH[SHULPHQWDOO\RQDPXOWLF\OLQGHUUHDOHQJLQHZLWK
VRPHDFRXVWLFVKRUWFRPLQJV)LYHH[SHULPHQWDOSRLQWVDUHFKRVHQLQWKHH[SHULPHQWDOGDWDEDVHFIWDEOH
 IXOO\ H[SORLWHG ZLWK '' WRROV DQG UHSURGXFHG ZLWK ' VLPXODWLRQV ' VLPXODWLRQ LV XVHG WR
HYDOXDWH WKH VFDYHQJLQJ HIILFLHQF\ DORQJ WKH F\FOH DQG KRZ LW HYROYHV LQ WKH GLIIHUHQW FRQGLWLRQV
VLPXODWHG7ZRORDGVWZRYDOYHOLIWSURILOHVFIILJDQGWZRVSHHGVDUHLQYHVWLJDWHG
7DEOH6LPXODWHGSRLQWVWRFKDUDFWHUL]HVFDYHQJLQJ
6SHHG>USP@ /RDG,0(3>EDU@ 7RUTXH>1P@ &DPOLIWODZ
  QF '
   '
   '
   '
   '


)LJ&DPOLIWSURILOHV
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)LQDOO\ WHQGHQFLHV DUHPRVWO\ FRKHUHQW EHWZHHQ ' DQG H[SHULPHQWV SRVWWUHDWHG E\ ' ZKHQ WKH
GLIIHUHQFHVEHWZHHQ WZRSRLQWVDUH VHQVLEOH ILJ7KHEDFNIORZHIIHFWVDUHSUREDEO\QRW WDNHQ LQWR
DFFRXQWH[DFWO\LQWKHVDPHZD\EHWZHHQWKRVHWRROV'H[SHULPHQW'DVWKHOHVVFRKHUHQWSRLQW
EHWZHHQWKHSRLQWVLVRQHZLWKDVWURQJEDFNIORZFIILJDQGSRLQWUSPFDPOLIW'EDU,Q
DGGLWLRQ LW VHHPV FOHDU WKDW WKH F\OLQGHUKHDG FKDUDFWHUL]HV WKH VKDSH RI WKH VFDYHQJLQJ FI ILJ 
+RZHYHUFDPOLIWSURILOHDQGVSHHGGHILQHKRZPXFKRIVFDYHQJLQJFKDUDFWHULVWLFFXUYHWKDWZLOOEHXVHG
,WUHVXOWVLQDVFDYHQJLQJHIILFLHQF\DQGDWUDSSLQJUDWLRERWKDUHPRVWO\FRUUHODWHG


)LJ5HVXOWLQJVFDYHQJLQJHYROXWLRQV


)LJ7UDSSLQJUDWLRDQGVFDYHQJLQJHIILFLHQF\
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)LUVWUHVXOWVRQVLQJOHF\OLQGHU
7KH IHDVLELOLW\ RI WKH LQQRYDWLYH WZRVWURNH +6', HQJLQH FRQFHSW ZDV HYDOXDWHG E\ WHVWLQJ WZR
RSHUDWLQJ FRQGLWLRQV XQGHU WKH VWULFWO\ FRQWUROOHG HQYLURQPHQW SURYLGHG E\ D VLQJOHF\OLQGHU HQJLQH
H[SHULPHQWDOIDFLOLW\7KHPDLQREMHFWLYHFRQVLVWVRIFRQILUPLQJWKHSRWHQWLDORIWKLVHQJLQHDUFKLWHFWXUH
IRU SURYLGLQJ VXLWDEOH DLU PDQDJHPHQW FKDUDFWHULVWLFV HYDOXDWHG LQ WHUPV RI WUDSSLQJ UDWLRV DQG ,*5
OHYHOV DQG FRPSHWLWLYH UHVXOWV LQ WHUPV RI HQJLQH SHUIRUPDQFH DQG IXHO FRQVXPSWLRQ ZLWK DFFHSWDEOH
OHYHOVRISROOXWDQWHPLVVLRQV
7KHPHWKRGRORJ\IROORZHGDORQJWKLVUHVHDUFKDFWLYLW\ZDVGHVLJQHGWRLVRODWHWKHRSWLPL]DWLRQRIWKH
DLUPDQDJHPHQWVHWWLQJVIURPWKDWRIWKHLQMHFWLRQVHWWLQJV7KLVRSWLPL]DWLRQLVIRFXVHGRQDWWDLQLQJWKH
EHVW IXHO FRQVXPSWLRQ EXW NHHSLQJ WKH WUDSSLQJ UDWLR DW UHDOLVWLF YDOXHV 7KHUHIRUH DW HDFK RSHUDWLQJ
FRQGLWLRQDGHVLJQRIH[SHULPHQWVZDVLQLWLDOO\SHUIRUPHGWRILQGWKHEHVWVHWWLQJVIRUWKHDLUPDQDJHPHQW
UHODWHG SDUDPHWHUV ZKLFK DUH WKH LQWDNH SUHVVXUH WKH SUHVVXUH GURS DFURVV WKH HQJLQH 'S DQG WKH
LQWDNHH[KDXVW YDOYH WLPLQJV NHHSLQJ FRQVWDQW WKH LQMHFWLRQ VHWWLQJV ,Q D VHFRQG VWHS LQMHFWLRQ WLPLQJ
ZDVVZHSWWRFKHFNWKHLQIOXHQFHRIFRPEXVWLRQSKDVLQJQRWRQO\LQHQJLQHSHUIRUPDQFHDQGHPLVVLRQV
EXWDOVRLQDLUPDQDJHPHQWFRQGLWLRQV
5HVXOWVDWUSPDQGLPHSEDU
$FFRUGLQJ WR WKH PRGHOLQJ UHVXOWV SUHYLRXVO\ GLVFXVVHG LQ VHFWLRQ  WKH DLU PDQDJHPHQW
FKDUDFWHULVWLFV RI WKH HQJLQH RSHUDWLQJ DW ORZ HQJLQH VSHHGV DQG ORDGV LV FRPSURPLVHG GHFUHDVLQJ WKH
WUDSSLQJ UDWLRV DQG LQFUHDVLQJ WKH ,*5 OHYHOV FRPSDUHG WR RWKHU RSHUDWLQJ FRQGLWLRQV 7KXV WKLV ILUVW
DFWLYLW\ZLOOSURYLGHDQLQWHUHVWLQJIHHGEDFNRIWKHHQJLQHSHUIRUPDQFHLQWKLVFULWLFDORSHUDWLQJFRQGLWLRQ
)ROORZLQJ WKH PHWKRGRORJ\ LQLWLDOO\ D GHVLJQ RI H[SHULPHQWV ZDV SHUIRUPHG FRQVLGHULQJ WKH DLU
PDQDJHPHQWSDUDPHWHUVLQFOXGHGLQ7DEOHWRJHWKHUZLWKWKHLUUDQJHVRIYDULDWLRQ
7DEOH$LUPDQDJHPHQWUHODWHGSDUDPHWHUVLQFOXGHGLQWKHGHVLJQRIH[SHULPHQWVLQFOXGLQJWKHLUUDQJHVRIYDULDWLRQ
$LUPDQDJHPHQWUHODWHGSDUDPHWHU )URP 7R
,QWDNHYDOYHWLPLQJ>FDG@  
([KDXVWYDOYHWLPLQJ>FDG@  
,QWDNHSUHVVXUH>EDU@  
'S>EDU@  
7KHUHVXOWVREWDLQHGDIWHUWHVWLQJWKHFRPELQDWLRQRISDUDPHWHUVLQFOXGHGLQWKHGHVLJQRIH[SHULPHQWV
DUHXVHIXOIRUSURYLGLQJDQRYHUYLHZRIWKHEHKDYLRURIWKHWUDSSLQJUDWLRDQGWKH,*5DQGWKHLUUHODWLRQV
ZLWKHQJLQHHIILFLHQF\)LJVKRZVKRZDWWKLVRSHUDWLQJFRQGLWLRQWKHOHYHOVRIWUDSSLQJUDWLRDWWDLQHG
DUHFRPSULVHGEHWZHHQDQGZKLOHWKH,*5PRYHVEHWZHHQDQGEHLQJERWKLQVLGHWKH
H[SHFWHGUDQJHV$GGLWLRQDOO\)LJFRQILUPVKRZWKHVHWWLQJVWKDWGHFUHDVHWKHWUDSSLQJUDWLRVXFKDV
LQFUHDVLQJ WKH YDOYH RYHUODS RU WKH SUHVVXUH GURS DFURVV WKH HQJLQH KDYH D SRVLWLYH LPSDFW RQ WKH
VFDYHQJHSURFHVVUHIOHFWHGE\WKHUHGXFWLRQLQ,*5+RZHYHUDSUDFWLFDOORZHUOLPLWIRU,*5RIKDV
EHHQIRXQGEHLQJLPSRVVLEOHWRJREHORZWKLVOHYHOHYHQDFFHSWLQJIXUWKHUUHGXFWLRQVLQWUDSSLQJUDWLR
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)LJ5HODWLRQEHWZHHQWKHWUDSSLQJUDWLRDQGWKH,*5OHYHO
'HVFULELQJ WKH UHODWLRQ EHWZHHQ WKH DLU PDQDJHPHQW SDUDPHWHUV WUDSSLQJ UDWLR DQG ,*5 DQG WKH
HQJLQHHIILFLHQF\LVIFLVDOVRRILQWHUHVW)LJFRQILUPVWKHNH\UROHSOD\HGE\WKHDLUPDQDJHPHQWRQ
WKH HQJLQH HIILFLHQF\ DQG DV D UHVXOW RQ LVIF $FFRUGLQJ WR )LJ  HQJLQH HIILFLHQF\ LV LQWULQVLFDOO\
UHODWHGZLWKERWK WUDSSLQJ UDWLRDQG ,*5 VRDFFHSWDEOH OHYHOVRI LVIFDUHRQO\DWWDLQDEOHE\GHFUHDVLQJ
ERWKWUDSSLQJUDWLRDQG,*5+RZHYHUDVLQWKHFDVHRIWKH,*5JN:KLZDVWKHORZHUOLPLWIRXQG
IRUWKHLVIFDQGYDOXHVEHORZWKLVFDQQRWEHUHDFKHGHYHQUHGXFLQJWKHWUDSSLQJUDWLREHORZ
)LJD5HODWLRQEHWZHHQWKHWUDSSLQJUDWLRDQGWKHLVIFE5HODWLRQEHWZHHQWKH,*5DQGWKHLVIF
$IWHU WKHRSWLPL]DWLRQSURFHVV WKH ILQDODLUPDQDJHPHQW VHWWLQJVFRUUHVSRQGV WR LQWDNHYDOYH WLPLQJ
FDGH[KDXVWYDOYH WLPLQJFDG LQWDNHSUHVVXUHEDUDQG'SEDU:LWK WKHVHVHWWLQJV WKH
PHDVXUHG WUDSSLQJ UDWLR LV  DQG ,*5 LV  VR WKH SRLQW FDQ EH HDVLO\ FRPSDUHG WR WKH UHVXOWV
LQFOXGHGLQ)LJDQG)LJWRVHHKRZLWLVFRKHUHQWZLWKWKHP
2EVHUYLQJ WKH RSWLPXP VHWWLQJV LQ GHWDLO WKH H[KDXVW YDOYH WLPLQJ FRUUHVSRQGV WR WKH PD[LPXP
H[KDXVW VWURNH GXUDWLRQ FRUURERUDWLQJ WKH LPSRUWDQW LQIOXHQFH RI OHQJWKHQLQJ WKH H[SDQVLRQ VWURNH WR
LQFUHDVH WKH HQJLQH HIILFLHQF\ XS WR WKH GHVLUHG OHYHOV ,QWDNH YDOYH WLPLQJ LV DOVR VKLIWHG WR WKH
FRPSUHVVLRQVWURNHWRDYRLGH[WUHPHYDOYHRYHUODSVZKLFKUHVXOWVLQDQRQXVHIXOUHGXFWLRQLQWUDSSLQJ
UDWLRVLQFHQHLWKHUWKH,*5QRUWKHLVIFZLOOGHFUHDVH
$VDVHFRQGVWHSWKHLQIOXHQFHRILQMHFWLRQWLPLQJZDVLQYHVWLJDWHGE\VKLIWLQJERWKWKHSLORWDQGPDLQ
LQMHFWLRQVIURPWRFDGD7'&VRWKHFRPEXVWLRQSKDVLQJIXHOEXUQWDQJOHVKLIWVIURP
WRFDGD7'&5HVXOWVLQFOXGHGLQ)LJGHPRQVWUDWHWKHPRGHUDWHHIIHFWVRILQMHFWLRQWLPLQJRQ
DLUPDQDJHPHQWVLQFHWKHWUDSSLQJUDWLRFKDQJHVE\OHVVWKDQZKLOHWKH,*5LVNHSWDOPRVWFRQVWDQW
)LJD(IIHFWRILQMHFWLRQWLPLQJRQWUDSSLQJUDWLRE(IIHFWRILQMHFWLRQWLPLQJRQ,*5
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7KHQ WKLV UHVXOW VXSSRUW WKH PHWKRGRORJ\ IROORZHG LQ WKLV LQYHVWLJDWLRQ VLQFH DLU PDQDJHPHQW DQG
LQMHFWLRQVHWWLQJVFDQEHVHTXHQWLDOO\RSWLPL]HG
,Q WHUPVRISROOXWDQWHPLVVLRQV)LJVKRZVKRZ12[HPLVVLRQV IROORZ WKHFRQYHQWLRQDO WUHQGRI
EHLQJ UHGXFHG DV WKH LQMHFWLRQ WLPLQJ LV GHOD\HG +RZHYHU GHVSLWH WKH KLJK OHYHOV RI ,*5 WKH 12[
HPLVVLRQV DUH QRW DV ORZ DV H[SHFWHG VR WKH EHQHILW RI UHGXFLQJ LQF\OLQGHU JDV R[\JHQ FRQFHQWUDWLRQ
SURYLGHGE\ ,*5FRPSHWHVZLWK WKHGUDZEDFNRI LQFUHDVLQJ WKH LQF\OLQGHU JDV WHPSHUDWXUHV VLQFH WKH
,*5 FDQQRW EH H[WHUQDOO\ FRROHG $V D FRQVHTXHQFH SUREDEO\ H[WHUQDO DQG FRROHG (*5 VKRXOG EH
LQWURGXFHG WR DWWDLQ12[HPLVVLRQV OHYHOV EHORZ(8529, VLQFH UHWDUGLQJ WKH LQMHFWLRQ WLPLQJ LV QRW
VXIILFLHQWDQGLWKDVQHJDWLYHLPSDFWRQHQJLQHHIILFLHQF\VHH)LJ2QWKHFRQWUDU\VRRWHPLVVLRQVDUH
DOZD\VH[WUHPHO\ORZDQGDOPRVWQHJOLJLEOHHYHQDWWKHPRVWUHWDUGHGLQMHFWLRQWLPLQJVRKLJKWROHUDQFH
WR(*5LVH[SHFWHGZLWKRXWSURGXFLQJXQDFFHSWDEOHOHYHOVRIVRRW5HVXOWVLQWHUPVRI&2DQG+&VKRZ
KRZWKHVHSROOXWDQWVLQFUHDVHE\VKLIWLQJWKHLQMHFWLRQWRZDUGVODWHUWLPLQJV
)LJD(IIHFWRILQMHFWLRQWLPLQJRQ12[DQGVRRWHPLVVLRQVE(IIHFWRILQMHFWLRQWLPLQJRQ&2DQG+&HPLVVLRQV
)LJHYLGHQFHVWKHPRGHUDWHLQIOXHQFHRILQMHFWLRQWLPLQJRQHQJLQHHIILFLHQF\DWOHDVWFRPSDUHGWR
WKHHIIHFWRIDLUPDQDJHPHQW VHWWLQJVSUHYLRXVO\REVHUYHG LQ)LJ7KH LPSURYHPHQWSURYLGHGE\ WKH
RSWLPXP FRPEXVWLRQ SKDVLQJ LQ LVIF LV OHVV WKDQ  FRQVLGHULQJ ERWK DGYDQFHGUHWDUGHG SKDVLQJ
$GGLWLRQDOO\ UHWDUGLQJ WKH LQMHFWLRQ WLPLQJUHVXOWV LQDVOLJKW UHGXFWLRQ LQFRPEXVWLRQHIILFLHQF\GXH WR
WKHLQFUHPHQWLQ&2DQG+&HPLVVLRQVSUHYLRXVO\VKRZQLQ)LJ
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)LJD(IIHFWRILQMHFWLRQWLPLQJRQLVIFE(IIHFWRILQMHFWLRQWLPLQJRQFRPEXVWLRQHIILFLHQF\
$V D ILQDO RYHUYLHZ RI WKH UHVXOWV DW WKLV ORZ HQJLQH VSHHG DQG ORDG FRQGLWLRQ DQ DFFHSWDEOH DLU
H[FKDQJH SURFHVV ZDV H[SHULPHQWDOO\ FRQILUPHG DQG WKH FORVH UHODWLRQ EHWZHHQ WKH DLU PDQDJHPHQW
SDUDPHWHUVDQG WKHHQJLQHHIILFLHQF\ZDVHVWDEOLVKHG3URPLVLQJUHVXOWVKDYHEHHQREWDLQHG LQ WHUPVRI
SROOXWDQW HPLVVLRQV DQG HQJLQH HIILFLHQF\ DIWHU RSWLPL]LQJ DOVR WKH LQMHFWLRQ VHWWLQJV EXW SUREDEO\
DGGLWLRQDOVWUDWHJLHVZLOOEHUHTXLUHGWRDWWDLQ(8529,OLPLWVVXFKDVLQWURGXFLQJ(*5
5HVXOWVDWUSPDQGLPHSEDU
7KH PRGHOLQJ UHVXOWV SUHYLRXVO\ GLVFXVVHG LQ VHFWLRQ  SUHGLFWV DQG LPSURYHPHQW LQ WKH DLU
PDQDJHPHQWFKDUDFWHULVWLFVRIWKHHQJLQHDWWKLVPHGLXPHQJLQHVSHHGDQGORDGFRPSDUHGWRWKRVHDWWKH
SUHYLRXVRSHUDWLQJFRQGLWLRQ VRKLJKHU WUDSSLQJ UDWLRVDQG ORYHU OHYHOVRI ,*5DUHH[SHFWHG7KXV WKH
GHVLJQRIH[SHULPHQWVZDVSHUIRUPHGFRQVLGHULQJWKHDLUPDQDJHPHQWSDUDPHWHUVDQGUDQJHVLQFOXGHGLQ
7DEOH
7DEOH$LUPDQDJHPHQWUHODWHGSDUDPHWHUVLQFOXGHGLQWKHGHVLJQRIH[SHULPHQWVLQFOXGLQJWKHLUUDQJHVRIYDULDWLRQ
$LUPDQDJHPHQWUHODWHGSDUDPHWHU )URP 7R
,QWDNHYDOYHWLPLQJ>FDG@  
([KDXVWYDOYHWLPLQJ>FDG@  
,QWDNHSUHVVXUH>EDU@  
'S>EDU@  
)LJVKRZVKRZWKH OHYHOVRI WUDSSLQJUDWLRDWWDLQHGH[SHULPHQWDOO\DW WKLVRSHUDWLQJFRQGLWLRQDUH
XQGRXEWHGO\KLJKHU WKDQ WKRVHREWDLQHGDW WKHSUHYLRXVRSHUDWLQJFRQGLWLRQ ,Q WKLVFDVH WUDSSLQJ UDWLR
UDQJHVEHWZHHQDQGGHVSLWHWKHKLJKHU'SLQFOXGHGLQWKLVGHVLJQRIH[SHULPHQWVZKLOHWKH
ORZHU,*5YDOXHZDVDQGWKHKLJKHVWZDV7KHQWKHVFDYHQJHVWUDWHJ\VHOHFWHGIRUWKLVHQJLQH
FRQFHSWEDVHGRQNHHSLQJWKH2+9FRQILJXUDWLRQKDVEHHQSURYHQWREHIXOO\VXLWDEOHIRUDVVXULQJWKH
HQJLQHEUHDWKLQJLQPHGLXPWRKLJKORDGV$GGLWLRQDOO\DQDORJUHODWLRQVWRWKRVHVKRZQLQ)LJKDYH
EHHQ IRXQG EHWZHHQ WKH DLU PDQDJHPHQW SDUDPHWHUV DQG WKH HQJLQH HIILFLHQF\ VR DV SUHYLRXVO\ VR
GHFUHDVLQJERWKWUDSSLQJUDWLRDQG,*5LVVWLOOPDQGDWRU\WRDWWDLQDFFHSWDEOHOHYHOVRILVIF
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)LJ5HODWLRQEHWZHHQWKHWUDSSLQJUDWLRDQGWKH,*5OHYHO
7KHEHVWVHWWLQJVREWDLQHGWKURXJKWKHRSWLPL]DWLRQSURFHVVVHWWKHLQWDNHYDOYHWLPLQJDWFDGWKH
H[KDXVWYDOYHWLPLQJDWFDGWKHLQWDNHSUHVVXUHDWEDUDQGWKH'SDWEDU:LWKWKHVHVHWWLQJV
WKHPHDVXUHGWUDSSLQJUDWLRLVDQG,*5LVVRWKHSRLQWFDQEHIRXQGHDVLO\LQ)LJDQGLWLV
IXOO\FRPSDWLEOHZLWKWKHUHVXOWVVKRZQWKHUH7KHEHVWYDOYHWLPLQJFRQILJXUDWLRQLVVWLOOZKDWDOORZVWKH
PRVWH[WHQGHGH[SDQVLRQVWURNHKLJKOLJKWLQJLWVUHOHYDQFHWRJHWFRPSHWLWLYHIXHOFRQVXPSWLRQOHYHOV
)ROORZLQJWKHUHVHDUFKIORZWKHLQMHFWLRQWLPLQJZDVRSWLPL]HGWRFKHFNWKHLQIOXHQFHRIFRPEXVWLRQ
SKDVLQJ RQ HQJLQH EUHDWKLQJ FKDUDFWHULVWLFV SROOXWDQW HPLVVLRQV DQG HQJLQH SHUIRUPDQFH VZHHSLQJ LW
IURP62,SLORW62,PDLQWRFDGD7'&VRFRPEXVWLRQSKDVLQJLVFRPSULVHGEHWZHHQ
DQGFDGD7'&,QLWLDOO\QHJOLJLEOHHIIHFWVZHUHIRXQGLQDLUPDQDJHPHQWSDUDPHWHUVVRWUDSSLQJUDWLR
DQG ,*5 ZHUH NHSW DOPRVW FRQVWDQW DV LW ZDV HYLGHQFHG E\ )LJ  6R WKLV UHVXOW FRUURERUDWHV
H[SHULPHQWDOO\WKHORZUHODWLRQEHWZHHQLQMHFWLRQDQGDLUPDQDJHPHQWVHWWLQJV
5HJDUGLQJ SROOXWDQW HPLVVLRQV )LJ  VKRZV KRZ12[ HPLVVLRQV IROORZV WKH XVXDO WUHQG DQG WKH\
GHFUHDVHZKHQ WKH LQMHFWLRQ WLPLQJ LVGHOD\HGEXWDW WKLVRSHUDWLQJFRQGLWLRQVVHHPVVWLOOQHFHVVDU\ WKH
LQGXFWLRQ RI H[WHUQDO (*5 WR DWWDLQ (852 9, OHYHOV FRUURERUDWLQJ WKH LPSRVVLELOLW\ RI UHDFKLQJ WKH
UHTXLUHGUHGXFWLRQLQ12[RQO\E\,*5DWOHDVWZLWKDQDFFHSWDEOHHQJLQHHIILFLHQF\6RRWHPLVVLRQVDUH
VWLOO FRQWUROOHG DQG NHSW DW UHODWLYHO\ ORZ OHYHOV HYHQ DW UHWDUGHG LQMHFWLRQ WLPLQJV ZKLOH&2 DQG+&
HPLVVLRQVDUHKLJKHUWKDQGHVLUHGEXWWKH\GRQRWVKDUSO\LQFUHDVHE\GHOD\LQJFRPEXVWLRQSKDVLQJ
)LJD(IIHFWRILQMHFWLRQWLPLQJRQ12[DQGVRRWHPLVVLRQVE(IIHFWRILQMHFWLRQWLPLQJRQ&2DQG+&HPLVVLRQV
)LJ  VKRZV WKH LQIOXHQFH RI LQMHFWLRQ WLPLQJ DQG FRPEXVWLRQ SKDVLQJ RQ LVIF DQG FRPEXVWLRQ
HIILFLHQF\ 7KHVH UHVXOWV DUH FRKHUHQW ZLWK WKRVH REVHUYHG LQ )LJ  VLQFH LQ ERWK FDVHV WKH EHQHILWV






     
,*
5
>
@
7UDSSLQJUDWLR>@
>ŽǁĞŶŐŝŶĞ
ƐƉĞĞĚĂŶĚůŽĂĚ












   
6RRW>PJV@1
2[
>P
JV
@
6R,PDLQ>FDGD7'&@
12[
6RRW












   
+&>PJV@&2
>P
JV
@
6R,PDLQ>FDGD7'&@
&2
+&
2313 Pascal TRIBOTTE et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  2295 – 2314 
DWWDLQHGE\RSWLPL]LQJFRPEXVWLRQSKDVLQJZHUHORZHUWKDQ7KHQDWWDLQLQJDEUHDNWKURXJKLQWHUPV
RIUHGXFLQJWKHIXHOFRQVXPSWLRQLVDVVRFLDWHGWRLPSURYHPHQWVWKHDLUPDQDJHPHQWFKDUDFWHULVWLFVZKLOH
LQMHFWLRQV\VWHPRQO\SOD\VDVHFRQGDU\UROH7KHUHVXOWVRIWKLVUHVHDUFKLQFOXGHGLQ)LJDOVRSURYHWKH
IHDVLELOLW\ RI WKH HQJLQH FRQFHSW DQG LWV VXLWDELOLW\ IRU SURGXFLQJ HIILFLHQW FRPEXVWLRQ SURFHVVHV DW
GLIIHUHQWHQJLQHORDGVDQGVSHHGV
)LJD(IIHFWRILQMHFWLRQWLPLQJRQLVIFE(IIHFWRILQMHFWLRQWLPLQJRQFRPEXVWLRQHIILFLHQF\
$VD ILQDOVXPPDU\RI WKH LQIRUPDWLRQJDWKHUHGDW WKLVPHGLXPHQJLQHVSHHGDQG ORDGFRQGLWLRQDQ
LPSURYHPHQWLQDLUH[FKDQJHSURFHVVZDVH[SHULPHQWDOO\FRQILUPHGFRPSDUHGWRWKHORZHUHQJLQHVSHHG
DQG ORDG FRQGLWLRQ ZKLOH WKH FORVH UHODWLRQ EHWZHHQ WKH DLU PDQDJHPHQW SDUDPHWHUV DQG WKH HQJLQH
HIILFLHQF\ZDV FRUURERUDWHG3ROOXWDQW HPLVVLRQV DQG HQJLQH HIILFLHQF\ UHVXOWV DWWDLQHG DIWHU RSWLPL]LQJ
WKHLQMHFWLRQVHWWLQJVDUHHQFRXUDJLQJEXWSUREDEO\DGGLWLRQDOVWUDWHJLHVVXFKDVLQWURGXFLQJ(*5ZLOOEH
VWLOOUHTXLUHGWRDWWDLQ(8529,OLPLWV
&RQFOXVLRQDQGIXWXUHZRUN
7KHGHYHORSPHQWRIDWZRVWURNHVHQJLQHZDVPRWLYDWHGE\WKHWDUJHWRI&2UHGXFWLRQRQUHDO
F\FOHDQGWKHPRUHDQGPRUHVWULQJHQWUHJXODWLRQLQSROOXWDQWHPLVVLRQV,QDGGLWLRQLQQRYDWLRQVKRXOG
EHDFFHSWDEOHE\WKHFDUPDUNHWDQGWKHLQWURGXFWLRQRIH[SHQVLYHWHFKQRORJLFDOFRQFHSWPXVWEHOLPLWHG
,QWKHVHFRQGLWLRQVWKHGHYHORSPHQWRISRSSHWYDOYHWZRVWURNHVHQJLQHLVDQH[FLWLQJFKDOOHQJH
7KHGHYHORSPHQWZDVVSOLW LQWRWZRPDLQWRSLFV WKHGHYHORSPHQWRIWKHDLUSDWKEDVHGRQDGYDQFHG
VXSHUFKDUJLQJFRQFHSWVDQGWKHGHYHORSPHQWRIFRPEXVWLRQFKDPEHU7ROLPLWWKHGHOD\DQGWKHFRVWRQ
WKHVHGHYHORSPHQWV DQXPHULFDOGHVLJQSURFHVVZDVGHYHORSHGEDVHGRQ ODUJHQXPEHURI'DQG'
VLPXODWLRQV DQG FRXSOLQJEHWZHHQ WKHVH WRROV7KXVPDQ\FRQILJXUDWLRQVRI DLU SDWKZHUH LQYHVWLJDWHG
FRQVLGHULQJ WKH GDWD IRU PDQ\ SRVVLEOH VXSSOLHUV WR GHWHUPLQH WKH RQH WR UHDFK WKH H[SHFWHG OHYHO RI
SRZHU DQG WKH KLJKHVW LQ WHUP RI &2 UHGXFWLRQ 2QO\ RQH FRQILJXUDWLRQ ZLOO EH FKDUDFWHUL]HG DQG
LPSOHPHQWHGRQWKHHQJLQH6LPXOWDQHRXVO\WKHLQMHFWLRQV\VWHPDQGWKHSLVWRQSURILOHZHUHGHVLJQHGIRU
WKH FRPEXVWLRQ FKDPEHU XVLQJ IXOO &' FRPSXWDWLRQV $ OLPLWHG QXPEHU RI FRQILJXUDWLRQV KDYH EHHQ
YDOLGDWHGRQVLQJOHF\OLQGHUHQJLQHWRFKHFNWKHLVIFDQGWKHOHYHORISROOXWDQWHPLVVLRQV
$V IXWXUHZRUN WKH ILUVW VWHSZLOO EH WR YDOLGDWH WKH DLU SDWK RQ VSHFLILF WHVW ULJ WR FKDUDFWHUL]H WKH
HIILFLHQF\DQGYDOLGDWH WKH'PRGHO7KHVHFRQGVWHS LV WRPDQXIDFWXUHDFRPSOHWHHQJLQHDQG WHVW LW
)LUVWO\ WKHVHWHVWVVKRXOGYDOLGDWHWKH'DSSURDFKDQGYDOLGDWHWKHGLIIHUHQWDVVXPSWLRQVDQGVHFRQGO\
WKHVHWHVWVPXVWFDOLEUDWHWKHHQJLQHIRUYHKLFOHWHVWWRTXDOLI\WKHFRQFHSWLQUHJDUGVRIWKHH[SHFWHG&2
UHGXFWLRQ
7KHZRUNZDVVSOLWEHWZHHQWKHSDUWQHUVRIWKHSURMHFWVXSSRUWHGE\WKH(XURSHDQ&RPPLVVLRQ
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